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Geologic Setting of theGeologic Setting of the
Michigan BasinMichigan Basin



Historic oil production primarily from Ordovician, Historic oil production primarily from Ordovician, 
Silurian and Devonian carbonatesSilurian and Devonian carbonates
Cumulative oil production exceeds 1.2 billion bblsCumulative oil production exceeds 1.2 billion bbls
Most fields produced through primary phase onlyMost fields produced through primary phase only
A few dozen waterfloods have been mostly A few dozen waterfloods have been mostly 
successful. Waterflood EOR production nearly successful. Waterflood EOR production nearly 
equals primary production in some fieldsequals primary production in some fields
Gas storage in some oil fields has also enhanced oil Gas storage in some oil fields has also enhanced oil 
recoveryrecovery
COCO22 flooding began in 1996. Only three fields to flooding began in 1996. Only three fields to 
date.date.

Enhanced Oil Recovery in MichiganEnhanced Oil Recovery in Michigan



Image courtesy of Michigan DNR ESRI  ArcMap online  Database

Northern Fairway

Southern Trend

Silurian (Niagaran) Reef TrendsSilurian (Niagaran) Reef Trends



Niagaran Reefs in Michigan BasinNiagaran Reefs in Michigan Basin

1100+ reefs identified in northern and 1100+ reefs identified in northern and 
southern trendssouthern trends

Depths of 3000 to 7000 ft Depths of 3000 to 7000 ft 

Average height ~350 ft. (up to ~700ft.)Average height ~350 ft. (up to ~700ft.)

Average diameter ~1000Average diameter ~1000--4000 ft. (highly 4000 ft. (highly 
variable) Area ~ 40 to 400 acresvariable) Area ~ 40 to 400 acres

Cumulative production:Cumulative production:
> 450 MMBO     > 2.5 TCF> 450 MMBO     > 2.5 TCF



Niagaran Reefs



Models for Niagaran Pinnacle ReefsModels for Niagaran Pinnacle Reefs

Huh 1973
Sears and Lucia 1979

Mantek 1973 Mesolella 1974



EOR in Niagaran ReefsEOR in Niagaran Reefs

Secondary recovery programs started in early Secondary recovery programs started in early 
19701970’’s (gas res (gas re--injection and water injection for injection and water injection for 
pressure maintenance)pressure maintenance)

Positive factors:Positive factors:
High K (good injectivity and productivity)High K (good injectivity and productivity)
High gravity oil (35High gravity oil (35--454500 API)API)

Negative factors:Negative factors:
Heterogeneous Reservoir with layered KHeterogeneous Reservoir with layered K
Limited aerial distribution/sizeLimited aerial distribution/size
Irregular development patternIrregular development pattern

Brock et al.  (1995)



EOR Potential for Niagaran ReefsEOR Potential for Niagaran Reefs

Primary Oil RecoveryPrimary Oil Recovery
Northern trend (25Northern trend (25--35%)35%)
Southern trend (15Southern trend (15--20%)20%)

Secondary Oil RecoverySecondary Oil Recovery
Northern trend (10Northern trend (10--15%)15%)
Southern trend (~20%)Southern trend (~20%)

Primary Primary plusplus SecondarySecondary
Northern trend (35Northern trend (35--45%)45%)
Southern trend (35Southern trend (35--45%)45%)

Brock et al. (1995)



Local source of 
CO2 as 

byproduct of 
Antrim Shale 

production
along northern 

trend



Three Niagaran reef reservoirs in Otsego County  Three Niagaran reef reservoirs in Otsego County  
have been converted to EOR COhave been converted to EOR CO22 injection floods injection floods 
(Dover 33, Dover 35 and Dover 36 fields). (Dover 33, Dover 35 and Dover 36 fields). 

Dover 33 and 36 were developed in 1996 with Dover 33 and 36 were developed in 1996 with 
continuing operations to date. continuing operations to date. 

The Dover 35 reef EOR project was initiated in The Dover 35 reef EOR project was initiated in 
early 2004.early 2004.

Local source of COLocal source of CO22 as byproduct of Antrim Shale as byproduct of Antrim Shale 
gas production gas production 

COCO22 Enhanced Oil Recovery in MichiganEnhanced Oil Recovery in Michigan





High purity COHigh purity CO2 2 is byproduct from gas is byproduct from gas 
processing of Devonian Antrim Shale processing of Devonian Antrim Shale 
productionproduction

Injected over 300,000 tons of COInjected over 300,000 tons of CO22 into three into three 
Niagaran Reef reservoirsNiagaran Reef reservoirs

Enhanced oil recovery of  >750,000 bbls in Enhanced oil recovery of  >750,000 bbls in 
nine yearsnine years

COCO22 Enhanced Oil Recovery in MichiganEnhanced Oil Recovery in Michigan



Antrim Surface Production and Antrim Surface Production and 
Processing FacilitiesProcessing Facilities





COCO2 2 Injection Facilities for EOR Injection Facilities for EOR 
Otsego County, MichiganOtsego County, Michigan





Dover 33 Niagaran Reef Field, Otsego County, Michigan
Enhanced Recovery with CO2 (through June, 2005)

100

1000

10000

100000

1000000

19
71

19
72

19
73

19
74

19
75

19
76

19
77

19
78

19
79

19
80

19
81

19
82

19
83

19
84

19
85

19
86

19
87

19
88

19
89

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

Date

A
nn

ua
l O

il 
Pr

od
uc

tio
n 

in
 B

B
LS

Annual Oil Production 

Primary Production Decline at 15%

CO2 Enhanced Recovery 
Decline at 30%

Begin CO2 injection

Reached CO2 maximum Fill-up

Cumulative Oil Production 
1,795,100 BBLS.

Primary Oil Production -
1,313,213 BBLS. CO2 Enhanced Oil 

Production - 481,887 BBLS. 
36.7 % of Primary



Abundant EOR
Targets

Only three reefs out of Only three reefs out of 
more than 700 in more than 700 in 

Northern Michigan, Northern Michigan, 
have been developed have been developed 

using COusing CO22 EOREOR
methodsmethods





3-D Data Set



Re-drafted from Gill, 1977

Belle River Mills Field (southern trend)
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? ?
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??

Expected Sweep Efficiency???
Modified from Gill (1977)



Reef

Reef

Mud Mound

Supratidal/
Intertidal

Niagaran
Reefs are

Complex and
Heterogeneous

Sequence Stratigraphic
framework may enhance

predictability of reservoir 
facies!

Sandomierski (2006)



ConclusionsConclusions
1.1. Silurian pinnacle reefs have significant promise Silurian pinnacle reefs have significant promise 

as COas CO22 injection targets for EOR and injection targets for EOR and 
sequestrationsequestration

2.2. Three reefs have been  successfully flooded Three reefs have been  successfully flooded 
during the past ten yearsduring the past ten years

3.3. Over 750,000 bbls of oil have been recovered, Over 750,000 bbls of oil have been recovered, 
which is about 30% of the total primary which is about 30% of the total primary 
productionproduction

4.4. Although some COAlthough some CO22 is moved from reef to reef, is moved from reef to reef, 
over 300,000 tons of COover 300,000 tons of CO22 have been sequesteredhave been sequestered



1.1. Michigan Niagaran Reef EOR potential is Michigan Niagaran Reef EOR potential is HighHigh
But:But:
2.2. Niagaran pinnacle reefs are vertically complex Niagaran pinnacle reefs are vertically complex ––

predictable?predictable?
3.3. There is a distinct correlation between There is a distinct correlation between detaileddetailed

facies type and reservoir quality (f, K)facies type and reservoir quality (f, K)
4.4. Original depositional facies and cycle framework Original depositional facies and cycle framework 

may be responsible for controlling  reservoir may be responsible for controlling  reservoir 
compartmentalization (baffles and barriers)compartmentalization (baffles and barriers)

ConclusionsConclusions


